In this paper analysis results of a cooperation of the unified power quality conditioner with the fuel cell units are presented. A comprehensive control strategy is introduced to extract the compensating signals for the control of the proposed system. The used control strategy can extract the reference currents and voltages of UPQC fast and accurately in the presence of harmonics and/or frequency oscillation. The proposed scheme can compensate voltage sag, voltage interruption and harmonics at the Point of Common Coupling (PCC) on power distribution system. The simulation results prove the efficiency of using the presented method on power quality improvement.
Introduction
The increasing applications of electronic equipment that cause electromagnetic disturbances, or that are sensitive to these phenomena, has heightened the interest in power quality in recent years [1] . The quality of the power leads to a direct economic impact on utilities, their customers, and suppliers. Custom power devices including power electronic interface can be the effective solution for increasing power quality problems because they can provide fast response and flexible compensation. Usually, series and shunt inverter integrated device is called Unified Power Quality Conditioner (UPQC). An effective control strategy is presented to extract the compensating signals for the control of the proposed system [2] - [6] . The UPQC has the prominent capability of improving the quality of voltage and current at the point of installation on power distribution systems or industrial power systems. Therefore, UPQC is expected to be one of the most powerful solutions to the load which is considered as very important or sensitive to supply voltage disturbances; however, cannot supply large active power to customers steadily due to the limitation of power storage [7] - [8] .
While, the opening of the energy market under deregulation brings about the interest in Dispersed Generation (DG) because it can provide independence and flexibility to the customer in planning and developing the installation and can give economic benefits in many cases [9] . A fuel cell is a device that directly converts the chemical energy of fuel to electric energy. Recent advances in the fuel cell technology significantly improved the technical and economical characteristics of this technology. Environmental friendliness, practically noise free operation, and very high efficiency combined with the forecasted shift to gaseous fuels make fuel cells a very sound competitor on the future electricity markets [10] - [12] .
However, FC can cause the negative effects on the existing power systems. That is, some potential problems might be occurred such as voltage variation, protection, harmonics, and personnel safety. The FC is interfaced in the AC and DC distributed system by using power electronic circuits. The DC voltage must be limited within an acceptable range during steady state and dynamic conditions by using suitable control strategies. This paper proposes a combined operation system of UPQC and fuel cell, which is connected to the dc link. The advantage of the proposed system over the UPQC is to compensate the voltage interruption, as well as the voltage sag, harmonics, unsymmetrical and unbalanced voltages. The operation of the proposed system was verified through simulations with MATLAB/Simulink.
Fuel Cell Model
The fuel cell generation system which is considered in this study consists of a reformer and a stack that generates electricity using electrochemical reaction as shown in fig. 1 [13] . The reformer produces usually hydrogen from fuels and then supplies it to the stacks. The stacks generate DC electric power by electrochemical reaction of hydrogen and oxygen which is in the air [14] - [15] . The reformer is represented as a first order time delay circuit which has relatively long time constant for an electrical equivalent circuit. The stack is a collection of unit cells and the unit cells consist of electrolyte, separators and plates. Fuel cell output is the result of a chemical reaction and possesses nonlinear characteristics. The stack is also represented as a first order time delay circuit which has a relatively short time constant.
Thus the mathematical model of the reformer and stack are represented as equation (1) and (2) Normally, UPQC has two voltage-source inverters in three-phase four-wire or three-phase three-wire configuration. One inverter called the series inverter is connected through transformers between the source and the common connection point. The other inverter called the shunt inverter is connected in parallel with the common connection point through transformers. The series inverter operates as a voltage source, while the shunt inverter operates as a current source. UPQC has compensation capabilities for the harmonic current, the reactive power compensation, the voltage disturbances, and the power-flow control. But UPQC has no capability in compensating the voltage interruption because there is no energy storage. This paper proposes a new configuration of UPQC that has several FCs connected to the dc link as shown in Fig.  2 . The UPQC can compensate the voltage interruption in the source, while the DG supplies power to the source and load or the load only.
Proposed System

Control Scheme of the Proposed System
The instantaneous power theory is used to control the proposed system. This scheme includes DG to deliver its power to loads and maintaining DC link voltage as well as other condition tasks. The theory is based on converting three axis parameters into two axes by defining well-known transfer matrix. . And finally, instantaneous active and reactive power, results from: 
When the series converter of the proposed configuration is used simultaneously for reactive, negative and harmonic compensation, the α β − axis voltage reference is given by equation (6) .
When the shunt converter of the proposed configuration is used for the charge control of battery, the active reactive power control is becoming the main issue, and the proposed system still satisfy the compensation demand of load such as negative and harmonic 
Where FCs p is the FCs power delivered to local loads by shunt converter. It should be noted that, it is so difficult to compensate reactive power and harmonic current using series converter only and because the signals from converter output terminals must be passed through the filters, the filter design strongly depends on the system parameters like load size and transformer turns ratio. Figure 5 shows the effectiveness of the proposed system for compensation of current harmonics and unbalanced currents. It shows the simulation results when the shunt inverter of UPQC operates as an active power filter. Fig.  13(a)-(b) shows, respectively, the current waveform of the load and the source, in which the load current can be compensated by the shunt-inverter current to make the source current sinusoidal. 
Simulation Results
A. Compensation of voltage interruption
Conclosion
This paper describes the analysis results of a combined operation of the UPQC with the FC. The proposed system consists of a series inverter, a shunt inverter, and a Fuel Cell connected in the dc link. The proposed system can compensate voltage sag and swell, voltage interruption, reactive power, and harmonics, in its operation mode. The performance of the proposed system was analyzed using simulations with MATLAB/Simulink. The proposed system can improve the power quality at the point of installation on power distribution systems or industrial power systems. The simulation model described in this paper can be utilized for the development of power systems.
